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Abstract: Asimple and sensitive reversed-phase, ion-pair HPLC method was developed and
validated for the simultaneous determination of B-group vitamins, thiamine chloride hydro-
chloride (B1), nicotinamide (B3), pyridoxine hydrochloride (B6) and folic acid in Pentovit
®
coated tablets. The cyanocobalamine (B12) was determined separately, because of its low
concentration in the investigated multivitamin preparation. RP-HPLC analysis was per-
formed with a LKB 2150 HPLC system, equipped with a UV/VIS Waters M 484 detector.
The procedures for the determination of B1, B2, B6 and folic acid were carried out on a
Supelcosil ABZ+ (15 cm  4.6 mm; 5 m) column with methanol-5mM heptanesulphonic
acid sodium salt 0.1 % triethylamine TEA(25:75 V/V); pH 2.8 as the mobile phase. For the
determination of B12 a Suplex pKb-100 (15 cm  4.6 mm; 5 m) column and methanol–wa-
ter (22:78 V/V) as the mobile phase were used. The column effluents were monitored at 290
nm for B1, B3, B6 and folic acid, and at 550 nm for B12. The obtained results and statistical
parameters for all the investigated vitamins of the B-group in Pentovit® coated tablets were
satisfactory and ranged from 90.4 % to 108.5 % (RSD. from 0.5 % to 4.1 %). The parame-
ters for the validation of the methods are given.
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INTRODUCTION
The use of therapeutic multivitamins are indicated in cases of deficiency in pathologi-
cal conditions in which the nutritional requirements are greatly increased or in conditions
in which absorption, utilization, or excretion of vitamins are abnormal. Multivitamin phar-
maceutical preparations containing mixtures of these substances are very interesting for
analysis, and most of them include the water-soluble B-group. The term B-group vitamins
usually refers to thiamine, riboflavin, pyridoxine, nicotinic acid, pantothenic acid, biotin,
cyanocobalamine and folic acid. As their chemicals structures are not related, a consider-
able number of papers have been published in which the use of different physical, chemical
and biological methods are described. The simultaneous determination of several wa-
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ter-soluble vitamins is difficult and often many different analyses have to be performed.
Different instrumental methods have been used for the determination of B-group vitamins,
including electrochemical methods,1 spectrophotometry,2,3 derivative UV spectrophoto-
metry,4–7 spectrofluorimetry,8–10 normal phase and reversed phase TLC11–13 and HPLC
procedures,14–19 as well as capillary electrophoresis.20,21 The determination of B-complex
mainly in tablets using HPLC methods have been extensively described. The most widely
used methods for the determination of B-group vitamins are reversed-phase HPLC, using
a C18 column and aqueous–organic mobile phases, in acidic media. Other chromato-
graphic systems separate B1, B6 and B12 when they are present in the same concentration
range14 but are hampered when the amount of B1 and B6 exceeds by a hundred or even a
thousand fold the amount of B12 present in the complex. The methods reported in the liter-
ature are unable to determinate simultaneously the five vitamins. Ivanovic et al.19 devel-
oped and validated a method to assay some water soluble vitamins (B1, B2, B3, B6, vitamin
C and PABA) in solution dosage forms. The recent literature attaches importance to those
dosage forms which contain folic acid and B12, important for the treatment of anaemia, es-
pecially in pregnancy. Applying the proposed reversed-phase, ion-pair HPLC method, it is
possible to identify and determinate simultaneously all vitamins, except vitamin B12, in
analyzed pharmaceutical preparation with only one injection.
The present paper describes a sensitive and simple RP-HPLC method with UV/VIS de-
tection for determination of B-group vitamins: Thiamine chloride hydrochloride (vitamin B1)
(3-(4-amino-2-methyl-5-pyrimidinyl)methyl-5-(2-hydroxyethyl)-4-methyl thiazolium chlo-
ride hydrochloride); nicotinamide (vitamin B3) (3-pyridine carboxamide); Pyridoxine hydro-
chloride (vitamin B6) (5-hydroxy-6-methyl-3,4-pyridine dimethanol hydrochloride); folic acid,
(N-4-(2-amino-1,4-dihydro-4-oxo-6-pteridinyl)methylaminobenzoyl-L-glutamic acid); and
Cyanocobalamine (vitaminB12) (5,6-dimethylbenzimidazolyl cyanocobamide) inamultivita-
min preparation.
EXPERIMENTAL
Reagents and solvents
All chemicals and reagents were of analytical grade and the water was distilled and filtered through a
membrane filter. Thiamine chloride hydrochloride, pyridoxine hydrochloride, nicotinamide, folic acid and
cyanocobalamine (ICN Biomedicals Inc.) were used as working standards. Methanol for HPLC (Merck,
Darmstadt, Germany) heptanesulphonic acid sodium salt (Sigma), triethylamine, TEA (Aldrich Chemical
Company, Inc.) were used to prepare the mobile phase and orthophosphoric acid (Merck) for adjusting the pH
values.
Dosage form
Pentovit® tablets, manufactured by VORONJEZHIMFARM-VREMYA(Pentovit® coated tablet: thia-
mine chloride hydrochloride 10 mg or thiamine bromide hydrobromide 12.9 mg, pyridoxine hydrochloride 5
mg, nicotinamide 20 mg, folic acid 400 g and cyanocobalamine 50 g).
Standard solutions
Standard stock solution of vitamin B1 was prepared by dissolving 25.0 mg of thiamine chloride hydro-
chloride in 50.0 ml of water.
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StandardstocksolutionofvitaminB3 waspreparedbydissolving25.0mgofnicotinamide in50.0mlofwater.
Standard stock solution of vitamin B6 was prepared by dissolving 25.0 mg of pyridoxine hydrochloride
in 50.0 ml of water.
Standard stock solution of folic acid was prepared by dissolving 25.0 mg of folic acid in 50.0 ml of wa-
ter. 1 ml of the standard stock solution of folic acid was diluted to 50 ml with 15 % methanol solution.
The working standard solution of B1, B3, B6 and folic acid was obtained by diluting 0.4 ml of standard
stock solution of B1, 0.8 ml of standards stock solution of B3, 0.2 ml of standard stock solution of B6 and 0.8
ml of standard stock solution of folic acid to 10 ml with 15 % methanol solution.
Standard stock solution of vitamin B12 was prepared by dissolving 10.0 mg of cyanocobalamine in
100.0 ml of water.
The working standard solution of B12 was obtained by diluting 1 ml of the standard stock solution of vi-
tamin B12 to 10 ml with water. 1 ml of this solution was diluted to 10.0 ml with the same solvent.
Sample preparations
Sample preparation of B1, B3, B6 and folic acid. Twenty tablets were weighed and triturated to a fine
powder. The average mass of one tablet was transferred into a 50 ml volumetric flask and 15 % of methanol
solution was added. The mixture was sonicated (15 min) and diluted to the mark with the same solvent. 1 ml
of this solution was transferred into a 10 ml volumetric flask, diluted to the mark with the same solvent and
filtered through a 0.2 m Millipore filter.
Sample preparation of B12. Twenty tablets were weighed and triturated to a fine powder. The average
mass of two tablets was transferred into a 100 ml volumetric flask and water was added. The mixture was
sonicated (20 min), diluted to the mark with the same solvent and filtered through a 0.2 m Millipore filter.
Apparatus, mobile phase and chromatographic conditions
A chromatographic LKB 2150 HPLC System, equipped with a Waters M 484 UV/VIS detector, was
connected with a computed integrator Maxima 820 Work Station. The detection wavelength was adjusted to
290 nm with a sensitivity of 0.05 AUFS for the determination of B1, B3, B6 vitamins and folic and to 550 nm
with a sensitivity of 0.05 AUFS for the determination of vitamin B12. A Supelcosil ABZ
+ column (15 cm 
4.6 mm; particle size 5 m) was used for the determination of B1, B3, B6 vitamins and folic acid. A Suplex
pKb-100 column (15 cm  4.6 mm; particle size 5 m) was used for the determination of vitamin B12. The
experiments were conducted at 35 ºC for the determination of B1, B3, B6 vitamins and folic acid and at 25 ºC
for the determination of vitamin B12. The mobile phase for the determination of B1, B3, B6 vitamins and folic
acid was of methanol – 5 mM heptanesulphonic acid sodium salt / 0.1 % TEA (25:75 V/V). The pH 2.8 was
adjusted with orthophosphoric acid. The flow rate was 1 ml/min and the injected volume 10 l. The mobile
phase for the determination of vitamin B12 was methanol–water (22:78 V/V). The flow rate was 0.8 ml/min
and the injected volume 100 l. The prepared mobile phases were filtered through a 0.2 m Anotop filter and
degassed with an ultrasonic bath.
HPLC procedure
Prior to injection into the chromatographic system, all analytical solutions were degassed by sonication.
All the prepared sample solutions were first chromatographed to ensure that interfering peaks were not pres-
ent. 10 l and 100 l aliquots of the standard solutions and sample solutions were injected. Triplicate injec-
tions were made for each solution.
RESULTS AND DISCUSSION
The optimal conditions for the identification and quantification of B1, B3, B6 vitamins
and folic acid in Pentovit® tablets, using heptanesulphonic acid sodium salt as the ion pair-
ing reagent were investigated and established. The best results for the simultaneous deter-
mination of B1, B3, B6 vitamins and folic acid were obtained with the following mobile
phase: methanol – 5 mM heptanesulphonic acid sodium salt / 0.1 % triethylamine TEA
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(25:75 V/V). Cyanocobalamine (B12) was determined separately because of its low con-
centration in the investigated multivitamin preparation. The optimization procedure in-
cluded studies concerning the composition of the mobile phase, flow-rate and temperature.
After establishing the optimal conditions for the separation, the selectivity, linearity, preci-
sion, limit of detection and limit of quantification were determined.
The chromatographic parameters, i.e., capacity factor, selectivity factor, resolution
factor and factor symmetry, were calculated on the basis of the experimentally obtained
values of retention times and width peaks for all the investigated B-complex vitamins.
Under the described experimental conditions, the values of retention times were: 2.27
min for B3, 3.30 min for B6, 4.74 min for folic acid and 7.63 min for B1. The retention time
for B12 was 6.53 min.
The values of selectivity factor were 1.5 for pyridoxine hydrochloride/nicotinamide; 1.4
for folicacid/pyridoxinehydrochlorideand1.6 for thiaminechloridehydrochloride/folicacid.
The resolution factors Rs between the chromatographic peaks were calculated from
the equation Rs = 2 (t2 – t1)/(W1 + W2), where t2, t1 are the retention times of the two com-
ponents and W1, W2 are the peak widths at the base of the two respective peaks: 4.1 for
pyridoxine hydrochloride/nicotinamide; 4.8 for folic acid/pyridoxine hydrochloride; and
8.3 for thiamine chloride hydrochloride/folic acid.
The representative chromatograms of the working standard solution of B1, B3, B6 vi-
tamins and folic acid and of the sample solution are presented in Fig. 1. The assay was se-
lective, no significant interfering peaks were observed at the retention times of the vita-
mins. All excipients eluted at a different times and did not interfere with the analyzed com-
pounds. The representative chromatograms of the working standard solution of vitamin
B12 and a sample preparation are presented in Fig. 2.
The linearity of the method was determined by injecting five solutions of concentra-
tion between 50 % and 150 % of the expected concentration. Analysis were performed in
triplicate to determinate the linearity of the assay. Good linearities were obtained with cor-
relation coefficients above 0.99. The important parameters of calibration curves, i.e., slope
(a), intercept (b) and correlation coefficient (r) are presented in Table I.
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Fig. 1. Representative chromatograms of the standard solutions of vitamins B3 (1), B6 (2), folic acid (3), B1
(4) and a sample solution.
TABLE I. The important parameters for the calibration curves
Vitamin y = ax + b r Concentration range
B1 y = 4153.206 x – 1118 0.9992 10–30 g/ml
B3 y = 1550.58 x + 2484.68 0.9995 20–60 g/ml
B6 y = 30332.36 x – 2616.38 0.9980 5–15 g/ml
Folic acid y = 33452.2 x + 679.08 0.9995 0.4–1.2 g/ml
B12 y = 38045.88 x – 399.28 0.9991 0.5–1.5 g/ml
a – Slope; b – intercept; r – correlation coefficient
The precision of the procedure was checked by analysis of ten working standard solu-
tions (B1 20 g/ml; B3 40 g/ml; B6 10 g/ml; folic acid 0.8 g/ml and B12 1 g/ml). The
RSD values 1.2 %; 0.7 %; 0.1 %; 1.5 % and 0.4 % for B1, B3, B6, folic acid and B12, re-
spectively, were indicative of the satisfactory repeatability of the system. The precision of
the method was checked for within-day and between-day variation.
The limit of detection (LOD) and limit of quantification (LOQ) for the investigated
vitamins were experimentally determined and they are presented in Table II.
The results of the determination of B-group vitamins in Pentovit® coated tablets are
given in Table III. The values obtained for the RSD (below 5 %) show the accuracy and
reproducibility of the method.
TABLE II. Limits of detection (LOD) and limits of quantification
Vitamin LOD/(g/ml) LOQ/(g/ml)
Thiamine chloride hydrochloride (B1) 0.6250 1.250
Nicotinamide (B3) 0.6250 1.250
Pyridoxine hydrochloride (B6) 0.0195 0.039
Folic acid 0.0125 0.025
Cyanocobalamine (B12) 0.0625 0.125
LOD – Limit of detection; LOQ – limit of quantification
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Fig. 2. Representative chromatograms of the standard solution of vitamin B12 (1) and a sample solution.
TABLE III. Results of the determination of B-group vitamins in Pentovit® coated tablets
Vitamin Amount in Pentovit® tablet Found Recovery/% RSD/%
B1 10.0 mg (8.5–11.5 mg) 9.04 mg 90.4 1.3
B3 20.0 mg (17.0–23.0 mg) 21.44 mg 107.2 1.9
B6 5.0 mg (4.25–5.75 mg) 5.26 mg 105.2 2.0
Folic acid 400 g (320–480 g) 433.9 g 108.5 0.5
B12 50.0 g (40–60 g) 45.86 g 91.7 4.1
*n = 6
CONCLUSIONS
The results obtained confirm that the proposed method is simple, accurate, precise
and can be successfully applied for the routine analysis of B1, B3, B6, folic acid and B12 in
B-complex tablets. The investigated vitamins were completely separated and the excipi-
ents present in the dosage forms did not interfere with the peaks of interest.
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RP-HPLC ODRE\IVAWE VITAMINA B1, B3, B6, FOLNE KISELINE I B12 IZ
MULTIVITAMINSKIH TABLETA
RADA AMIYI], JASMINA BRBORI], OLIVERA ^UDINA i SOTE VLADIMIROV
Institut za farmacieutsku hemiju i analitiku lekova, Farmaceutski fakultet, Vojvode Stepe 450, 11152
Beograd
Za istovremeno odre|ivawe vitamina B-kompleksa, tiamin-hlorida-hidrohlorida (B1),
nikotinamida (B3), piridoksin-hidrohlorida (B6) i folne kiseline u Pentovit
® tabletama
primewena je i validirana jednostavna i osetqiva metoda reverzno-fazne jon-par te~ne
hromatografije pod visokim pritiskom. Zbog niske koncentracije u ispitivanom preparatu
cijanokobalamin (B12) je odre|en pod drugim uslovima. Odre|ivawe vitamina B1, B3, B6 i
folne kiseline izvedeno je na LKB 2150 HPLC sistemu, sa UV/VIS Waters M 484 detektorom,
kori{}ewem Supelcosil ABZ+ kolone (15 cm  4,6 mm; 5 m) sa mobilnom fazom metanol – 5
mM natrijum-heptansulfonat/0,1 % trietilamin (25:75 V/V) pri pH 2,8. Za odre|ivawe
vitamina B12 kori{}ena je kolona Suplex pKb-100 (15 cm  4,6 mm; 5 m) i mobilna faza
metanol–voda (22:78 V/V). Vitamini B1, B3, B6 i folna kiselina detektovani su na 290 nm, a
vitamin B12 na 550 nm. Dobijene vrednosti sadr`aja i statisti~ki parametri za sve vitamine
B-kompleksa u Pentovit® tabletama su zadovoqavaju}i i kre}u se u opsegu od 90,4 % do 108,5 %
(RSD od 0,5 % do 4,1 %). Prikazani su i parametri za validaciju metode.
(Primqeno 12. marta 2004, revidirano 8. decembra 2004)
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